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Knowledge of people’s understanding of environmental problems is vital for the effective
implementation of the ecosystem approach to marine management. This is especially
relevant when conservation goals are aimed at ecosystems in the deep-sea that are
remote to the consciousness of most people. This study explores public perceptions of
the deep-sea environment among the Scottish and Norwegian public. It further analyses
the relationships between respondents’ pro-environmental concerns toward the marine
environment and personal characteristics using a multiple indicators multiple causes
model. The results show that public knowledge of the deep-sea environment is low for
Scottish and moderate for Norwegians. Awareness of cold-water corals was high for the
Lofoten case study area amongst the Norwegian public and low for the Mingulay reef
complex in the Scottish case. These differences might arise because Norway is known
to host the world’s largest cold-water corals in the Lofoten area; a fact that has been
well-publicized. We find that most people think changes in the deep-sea have at least
some effect on them. On average, the public perceive the deep-sea condition to be at
most “fairly good” but are dissatisfied with the management of it with approximately only
one third or less thinking it is well-managed. Generally, the public perception from both
countries show ecocentric attitudes toward the marine environment implying that they
recognize the value of ecosystem services, the current ecological crisis and the need for
sustainable management.
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INTRODUCTION
Oceans provide vital ecosystem services that benefit humans (Armstrong et al., 2012). These include
regulating services related to carbon sequestration, provisioning services such as food and energy
as well a plethora of highly varied cultural services that provide value to mankind. Many of
these services are threatened by pressures emanating from human activities (Barbier et al., 2014;
Mengerink et al., 2014), questioning our understanding of the interaction between oceans and
humans. It has been noted that the public’s understanding of such interactions is limited, with
ocean literacy substantially lagging behind more broad environmental literacy (Uyarra and Borja,
2016). Most ocean literacy studies are broad in scope (Fletcher et al., 2009) or mostly coastal in
nature (Steel et al., 2005; Hynes et al., 2014), while deep-sea literacy is even less well-known (Rogers
et al., 2014). In this work we therefore focus on deep-sea environments, more specifically cold-water
corals, in order to ascertain the public’s knowledge and perceptions regarding threats, potential, and
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management, in Norway and Scotland. Public knowledge and
perceptions are important in order to ensure conservation
measures which demand political decision-making. This is
potentially extra demanding in relation to the deep-sea which
is spatially and temporally distant to most people. With this
in mind, this paper examines the public’s knowledge and
perceptions of the deep-sea in two maritime nations. Norway
presents an interesting case study as it hosts the world’s largest
cold-water corals in the Lofoten area with continual pressure
to open it for petroleum exploration. Scotland on the other
hand, hosts the Mingulay Reef Complex (MRC), the only known
inshore coral reef in UK waters. The reef supports high level
of biodiversity.
Since the expansion in the exploration of deep-water
environments using new technologies in the mid-1980s, new
insights have been revealed about the largest biome on earth
which has challenged conventional wisdom of the deep-sea
(Mengerink et al., 2014). Cold-water corals were now found
in dark, cold, nutrient rich-waters which lacked the symbiotic
light-dependent algae that was a characteristic of the known
tropical corals (Freiwald et al., 2004). They can live at depths
of 40 to 2,000m, in temperatures as low as 4◦C. Lophelia
pertusa is the most common habitat-forming, reef-building cold-
water coral which has been the focus of deep-sea research
since the recognition of their vast, world-wide extent two
decades ago (Arnaud-Haond et al., 2017). L. pertusa have
been shown to provide habitat, concentrate biomass and act
as feeding and nursery grounds for many species, including
those targeted by commercial fisheries (Arnaud-Haond et al.,
2017). In the Scottish cold-water coral Mingulay reef complex
for example, L. pertusa provides a complex three-dimensional
habitat for many species including communities of suspension
invertebrates such as sponges and other corals (Henry and
Roberts, 2007; Henry et al., 2013; Douarin et al., 2014). According
to Blanchard et al. (2014), the Lofoten area cold-water coral reefs
in Norway have been characterized as having high ecological
value and are considered a vulnerable marine ecosystem. The
area constitutes spawning ground for Northeast Arctic cod
and haddock and is a nursery for cod, herring, saithe, and
haddock larvae.
Anthropogenic activities coupled with climatic changes pose
a threat to the deep-sea and marine wildlife, including cold-
water corals (Ramirez-Llodra et al., 2011). Climate change and
mineral exploitation are of concern in terms of maintaining
marine biodiversity (Armstrong et al., 2019). However, in the case
of deep-sea cold-water corals, the greatest threat is destructive
fishing practices, particularly bottom trawling (Puig et al., 2012;
Pusceddu et al., 2014), given that corals are fragile and slow
growing (Hall–Spencer et al., 2002). Moreover, pollution from
marine litter presents one of the growing challenges (Newman
et al., 2015). Recent discoveries have shown that despite the
deep-sea and its resources being remote to the daily lives of
most people, the adverse anthropogenic pollution effects are
approaching sufficient severity to cause impacts in the deep-sea
areas (Ryland, 2000; Cole et al., 2011; La Beur et al., 2019). Social
media images of the deep sea, including the litter found there,
are increasing public awareness of these impacts1. According
to Pham et al. (2014), plastic is the most prevalent litter on
the seafloor and litter from fishing activities (derelict lines and
nets) is particularly common on sea mounts, banks, mounds, and
ocean ridges.
With such pressures, the attention given to the deep-sea and
its cold-water coral species from researchers and conservation
activists has increased with a call for nations to protect deep-
sea coral ecosystems (Barbier et al., 2014; Mengerink et al.,
2014). One vital conservation strategy for deep-sea reefs is the
designation of marine protected areas (MPAs) (Huvenne et al.,
2016). Protection of deep-sea vulnerable marine ecosystems like
cold-water coral reefs was initially a problem in the EU, as
the EU Habitats and Birds Directives, the main legal tool for
nature conservation in the EU, allowed Member States to set
up two types of protected areas, namely the Special Areas of
Conservation (SACs) for wildlife habitats and species and Special
Protection Areas (SPAs) for birds, but only for terrestrial areas
and territorial waters. By being only applicable to territorial
waters of up to 12 miles from the coast, the directive thereby
excluded further offshore cold-water coral reefs. A court ruling in
1999 permitted applying the directive to waters out to the 200 nm
Exclusive Economic Zones (De Santo, 2013).
Consequently, deep-water MPAs, MPA networks, and SACs
have been established around many cold-water corals (e.g., off
Norway and Ireland, around the Azores, and many more places)
to ban extraction of living and non-living resources that can
invoke activities harmful to the corals (Armstrong and van den
Hove, 2008; Armstrong et al., 2014; Huvenne et al., 2016). In
Scotland, the MRC has been designated as a MPA (La Beur
et al., 2019). In Norway, the Lofoten area was closed to fossil
fuel extraction after intense political deliberation. However, there
is continual pressure from lobby groups to open the area for
petroleum exploration due to expected fossil fuel richness2.
Marine conservation policies may therefore be essential to
protect deep-sea resources in the area. However, as knowledge
of deep-sea ecosystems is limited, success of protective measures
could be marginal. Without significant understanding of the
public awareness of the importance and vulnerability of these
ecosystems, what additional information should be provided to
the public in regard to marine conservation will be unknown,
and potentially beneficial policies may not be implemented due
to insufficient public support.
The implementation of protective measures such as MPAs
naturally involves reallocation of resources and property rights
(Hattam et al., 2014) which prohibits or reduces access to marine
resource use. This invariably impacts communities which reside
nearby and utilize those resources. As such, MPAs are often
met with resistance from stakeholders who fear loss of their
livelihoods and recreational opportunities and for whom little
is known of their understanding of the marine ecosystems.
Given this complex relationship between people and their
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together with the beliefs, customs, attitudes, and practices of the
relevant society (Gray et al., 2010; Hynes et al., 2018). Hence,
the EU Marine Strategy Framework Directive (MSFD), which
aims to achieve good environmental status for EUmarine waters,
proposes an ecosystem-based approach to marine management
with humans at the center. Since society is made up of ordinary
persons, the public perceptions and opinions on the use of
marine resources and support for sustainable management is
as important as the positions of organized stakeholder groups
whose opinions are often captured through policy consultations
in marine policy programs. This is because communities are
made up of heterogeneous individuals (hereafter referred to
as the public) whose collective choices related to the marine
resource they use, the areas they visit or reside in, is what drives
the many key pressures on the marine environment (Norton and
Hynes, 2018).
PUBLIC PERCEPTIONS OF THE MARINE
ENVIRONMENT IN THE LITERATURE
Public perception research aimed at understanding stakeholder
and resource users have come to matter in marine science
given that societal behavior change has the potential to
reduce pressures on marine systems (Jefferson et al., 2015)
through production and consumption choices. Moreover, public
engagement and acceptability as well as participatory governance
drives conservation programs to restore and protect marine
resources (McKinley and Fletcher, 2012; Voyer et al., 2012). As
a result, knowledge of people’s understanding of environmental
issues is required for attaining conservation goals. In the
context of this study, “perception” is used as an umbrella term
following Jefferson et al. (2015) to include components such as
knowledge, interest, social values, attitudes, or behaviors. Studies
examining these components are extensive and either assess
general marine environmental conditions or specific marine
ecosystems, resources, or user groups using qualitative and
quantitative approaches (see Trenouth et al., 2012; Hamilton and
Safford, 2015; Daigle et al., 2016).
Empirical evidence shows that public perceptions are defined
in varying contexts. The evidence also shows that there is
considerable heterogeneity in perceptions which is influenced
by socio-demographic profiles, behavioral attitudes, and beliefs.
They further vary by the scope of marine components or
activity and between nations. For instance, a review of various
reports across European countries point toward considerable
support for marine planning initiatives (Potts et al., 2016);
a matching of public perception with scientific consensus
regarding climate change impact on seas, but low awareness of
certain climate change components such as ocean acidification.
Marked differences were observed between countries. Generally,
females and older people were found to be more concerned about
the issues raised, while distance to the sea shaped perceptions
toward the marine environment (Buckley et al., 2011).
In a recent questionnaire-based study by Lotze et al. (2018),
21 countries involving 32,000 respondents were compared from
around the world to examine marine threats and protection. The
authors showed that more than two-thirds believed the marine
environment was under threat from human activities and the
most severe threats were pollution, fishing, habitat alteration,
and climate change. There was a general consensus toward
major perceived threats and willingness to support conservation
goals. Within national borders, Hynes et al. (2014) show
that Irish people demonstrate reasonable knowledge of threats
facing marine environments and of the market and non-market
importance of marine ecosystem services. Skepticism does exist,
however, among the public concerning the government and
private industry ability to manage the marine economy, while
there is more trust in scientists. In repeat surveys conducted
in 2005, 2010, and 2015 by Hawkins et al. (2016) to evaluate
awareness and attitudes toward marine protection in the
United Kingdom, respondents showed pessimism, perceiving sea
health, and management to be poor to fair and largely in decline,
with about two-thirds of the respondents agreeing that more
than 40% of UK seas should be protected from fishing and other
damaging activities.
Rose et al. (2008) show that much of the marine environment
and conservation research relates to coastal areas, except those
studies concerned with a relatively small number of specific
creatures such as whales or focused on fishing and pollution
issues. The authors then show in a survey of about 3,000
respondents in the UK that <1% of the population could name a
topographic or living element of a real deep-sea landscape. About
44% thought the deep-sea was generally, utterly or mostly barren
in their region and often talked about the coast when asked about
the sea.
Jefferson et al. (2014) assess public perceptions toward
UK subtidal species and marine health to determine positive
connections between society and the sea. Many respondents
showed interest in traditionally charismatic species but lacked
knowledge of their existence in UK seas. Pollution from
marine litter was considered the greatest indicator of marine
health but lacked consensus that the presence of megafauna
was an indicator. In exploring sources of heterogeneity in
perceptions, the authors identified gender and experience as
key influencers on public perceptions of species. Perceptions of
marine health was on the other hand found to be influenced by
social values.
Against the backdrop of the emerging importance of public
perceptions research of the deep-sea (Jefferson et al., 2015) and
the sparse literature of what people know and feel about the
deep-sea, the current study contributes with public perception
of the deep-sea environment in Norway and Scotland. It further
disentangles influencing factors using a multiple indicators
multiple causes model, to aid public engagement and policy
formulation toward the achievement of good environmental
status of Europe’s marine environment.
METHODS
Participants
The survey was conducted to collect data on the people of
Scotland (hereafter Mingulay, indicating the deep-sea areas of
the MRC) and Norway (hereafter LoVe, indicating the Lofoten-
Vesterålen coral reefs) and is used to analyze their perceptions
of the marine environment and deep-sea areas. Following a pilot
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test of the survey questions, the questionnaire was implemented
online through market research companies who drew from
recruited and registered online panels of respondents. The
recruitment of respondents was in accordance with EU standards
in terms of research code of conduct and data protection bylaws.
Participants had the option to decide whether to take part in
the survey or not. The Mingulay survey started in January 2019
and spanned over a period of 4 weeks while the LoVe survey
started in March 2019 and lasted over a period of 3 weeks. A
total of 1,025 and 1,024 respondents participated in the Mingulay
and LoVe surveys, respectively, and the demographic profiles
are presented in Table 1. In both surveys, young adults were
the least represented. The age group 55+ years were the most
represented (44%) in the LoVe survey while the 36–55 years
group were the most represented (49%) in the Mingulay survey.
Males constituted 44 and 57% of respondents for Mingulay and
LoVe, respectively. Gender is slightly skewed from the respective
national population ratios of ∼50%. While about half of the
Mingulay respondents had tertiary education, ∼86% of LoVe
respondents were in the same category.
Survey Design
Participants were asked questions about their knowledge,
perceptions and attitudes toward the Scottish andNorwegian seas





The balance of marine biodiversity is very




Human activities are severely abusing marine
ecosystems such as marine organism
abundance and diversity, and biological
integrity of the sea-floor
Human abuse NEP




The key pressures on marine biodiversity are
physical damage to the sea floor
Sea floor damage MFSD
GES (D1)
All commercial fish stocks should be
sustainably exploited in order to secure high






Marine litter is one of the key challenges to the






Healthy seas are central to our well-being Central to our
well-being
author
Healthy seas are central to economic security Central to
economic security
author
Establishment of marine protected areas is one
important measure for protecting valuable,
vulnerable or threatened organisms
MPA is important author
Economic growth is more important than
protecting the marine environment
Economic growth author
As humans we are responsible to protect




Author indicates author phrased statements sourced from marine literature.
and wildlife, as well as the Lofoten-Vesterålen cold-water coral
reef in Norway and the Mingulay reef complex in Scotland3. The
locations of these deep-sea ecosystems of MRC and LoVe are
shown in Figures 1A,B, respectively, below.
Prior to answering the questions, participants were informed
about the background to the survey. Information provided
included the impact of changing environmental conditions and
anthropogenic activities on the seas and wildlife, how the
government was responsible for managing it and the potential
cost of management on households. The MRC and LoVe were
then introduced in each survey as a unique ecosystem in
Scotland and Norway, respectively, and the ecosystem services
they provide, current management measures in place, potential
economic benefits and threats were presented.
The first part of the questionnaire assessed respondents’ prior
knowledge of the information provided in the introduction of
the questionnaire on the deep-seas and wildlife in the respective
countries using a scale of 1 to 5 where 1 indicates “I knew none
of it” and 5 indicates “I knew everything.” Prior awareness of
the MRC and LoVe were assessed through a Yes/No response.
Respondents’ perception of the condition of the deep-sea areas
were rated on a scale of 1 (indicating very poor) to 5 (indicating
very good), personal effect of the deep-sea and wildlife was rated
as “no effect on me,” “some effect on me,” and “major effect on
me” while perceivedmanagement of the deep-sea areas rating was
scored as “well,” “neither,” and “poorly.” “Don’t know” was given
as an option in all scores.
The second part of the survey captured information including
any visits to marine areas, participation in marine related
activities, and exposure to the BBC’s Blue Planet II documentary.
Respondents pro-environmental concerns and beliefs in relation
to the marine environment were also evaluated on an 11-
item 5-point Likert scale ranging from “strongly disagree” to
“strongly agree,” with a don’t know option. The 11 items covered
areas including ecological crisis, pressures, conservation, and
ecosystem services. The items were an adaptation of 2 sentences
(first two) from the New Ecological Paradigm (NEP) scale
(Dunlap et al., 2000) and 9 author self-constructed sentences
from the European Union Marine Strategy Framework Directive
(MSFD) qualitative descriptors for good environmental status
(GES) and other literature sources. It therefore reveals the
convergence between public perception and the EU Directive
on what good environmental status for the marine environment
should be. For subsequent analysis, the scores of item 10
(Economic growth is more important than protecting the
marine environment) are reversed to match the other indicators
so that higher overall scores reflect ecocentrism (nature-
centered values of the environment) while lower values indicate
anthropocentrism (human-centered values of the environment).
Analytical Approach
The data were analyzed using basic statistical summaries, charts
and cross tabulations. Where necessary, the Pearson Chi-square
test was used to test for statistical independence across samples
and variables. Basic regression models including logistic and
3A sample questionnaire for Scotland can be accessed by clicking here.
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FIGURE 1 | (A) The Mingulay reef complex. (B) The Lofoten-Vesterålen.
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ordinal logistic regressions were employed to evaluate the
relationship between respondent characteristics and outcome
variables of interest due to the ordinal and binary nature of the
outcome variables.
Regarding the analysis of relationships between respondents’
pro-environmental concerns toward the marine environment
and personal characteristics, generalized structural equation
modeling (GSEM) is employed. The GSEM can accommodate
large numbers of endogenous and exogenous variables and build
models that include latent variables as well as response variables
that are not continuous measures. In this study, the Multiple
Indicators Multiple Causes (MIMIC) model is used based on a
generalized structural equation model founded on the following
conceptual model (Figure 2).
In the MIMIC model, it is assumed that the observed
indicators (y) are manifestations of a latent concept (unobserved
pro-environmental concern, η) and that there are other
exogenous variables x (with covariates 1 to S) that influence
the latent factor (Jöreskog and Goldberger, 1975; Rabe-Hesketh
et al., 2004). In the dataset, we captured the pro-environmental
concern items as discrete indicators which are generalized
responses of a categorical (ordinal) nature. Therefore, the
generalized structural equation model (GSEM) is employed
as opposed to structural equation models which assume
continuous indicator responses. The GSEM formulation of
MIMIC consists of the simultaneous estimation of two equations.
The measurement model for pro-environmental concern can be
written in terms of the underlying continuous responses
y∗=∧yη+e
and the structural equation is written as
η= βx+v
with the reduced form
y∗=πx+u
where y∗ is the latent component for y, β, and ∧y are
the corresponding structural parameters relating the latent
dependent variable to the covariates, and factor loading matrix,
respectively. π = β ∧y
′ are vector of parameters to be estimated.
v is a vector of respondent disturbance, u is a random error
term assumed to be standard logistic, and u is the reduced form
error composed of u=∧yv+e. To achieve model identification,
typically the first factor loading is restricted to unity.
With respect to the measurement equation, j(j = 1, 2, . . . , J)
and τj denote agreement levels and thresholds associated with
these agreement levels, respectively. These unknown thresholds
are assumed to partition the propensity into J − 1 intervals. The
unobservable latent variable y∗ is related to the observed ordinal
variable y by the τ with a response mechanism of the form:
yi=j, if τj−1< yi
∗<τj, for j=1,2,. . ., J
To ensure well-defined intervals and natural ordering of observed
agreement levels, the thresholds are assumed to be ascending in
order, such that τ0 < τ1 < . . . < τJ where τ0 = −∞ and
τJ = +∞.
FIGURE 2 | A MIMIC Model of single latent variable: pro-environmental concern.
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TABLE 2 | Summary statistics.
Mingulay LoVe
Variable Mean Std. Dev. Mean Std. Dev.
Age 18–35 0.101 0.302 0.168 0.374
Age 36–55 0.493 0.500 0.394 0.489
Age 56 and above 0.406 0.491 0.438 0.496
Male 0.440 0.497 0.572 0.495
Tertiary education 0.518 0.500 0.864 0.343
Full time employed 0.380 0.486 0.592 0.492
Part time employed 0.133 0.339 0.092 0.289
Student 0.064 0.246 0.052 0.222
Unemployed 0.044 0.205 0.021 0.145
Resident of highlands and islands 0.063 0.244 – –
Marine Sports 0.384 0.487 0.466 0.499
Visit to sea areas 0.276 0.447 0.639 0.481
Have visited island of Mingulay [or
LoVe]
0.023 0.151 0.639 0.481
Have visited island of barra 0.119 0.324 – –
Have visited elsewhere in the outer
hebrides
0.238 0.426 – –
Have seen blue planet II 0.549 0.498 0.429 0.495
Member of environmental
organization
– – 0.108 0.311
“–” indicates information was not applicable or captured in the particular survey.
RESULTS
A summary statistic of the survey respondents’ attitudes is
presented together with the socio-economic profiles in Table 2.
As shown, only 6% of the Scottish respondents are residents
of the Highlands and Islands. A significantly higher fraction of
Norwegian respondents was engaged in marine sports (47%) as
compared to the Scottish respondents (38%). In terms of visits
to the sea areas, only about 2% of Scottish respondents have
specifically visited the MRC, and 28% have visited the sea areas
around Scotland including the island of Barra and elsewhere in
the Outer Hebrides. Comparatively, 64% of the respondents in
the Norwegian sample had visited Lofoten-Vesterålen.
Knowledge and Awareness of Deep-Sea
Areas
Figure 3A below presents the distribution of prior knowledge
levels of the information presented in the introduction section
of both the Mingulay and LoVe surveys. The LoVe responses
appear symmetric while Mingulay is positively skewed with
respective mean (standard deviation) scores of 3.13 (0.88) and
1.75 (0.78) and a median score of 3 and 2. This reflects that on
average, the majority of the Norwegian respondents perceived
themselves more knowledgeable of the deep-seas and wildlife
within their marine environment than did the Scots. However,
the average perceived prior knowledge levels were low with
Scottish respondents lying close to “I knew little of it” while
Norwegians were close to “I knew some of it.” A Pearson Chi-
square test of independence of distribution of responses between
the two samples was x2 (4) = 883 (pvalue = 0.00). This
indicates that independence is rejected and hence confirms that
Norwegians had higher prior perceived knowledge than their
Scottish counterparts. The standard deviation estimates relative
to the mean also shows higher variation in perceived knowledge
levels for the Norwegian respondents (Coefficient of Variation,
CoV= 50%) than the Scottish (CoV= 25%).
In terms of awareness represented in Figure 3B below, the
Mingulay survey shows only 16% of Scottish respondents were
aware of the MRC while a significantly higher share (59%) of the
Norwegian respondents were aware of the cold-water coral reefs
at Lofoten-Vesterålen. In general, we conclude that knowledge
levels related to the deep-sea environment is low among the
Scottish and moderate among Norwegians, but the latter with
high variance.
Given the ordinal and binary nature of responses to prior
knowledge and awareness, we use ordered and binary logistic
regressions to evaluate how responses differ across respondents.
The results are shown in Table 3 below. On prior knowledge, we
do not identify any significant differences between gender and
age in the Mingulay survey. However, the senior-aged group in
the LoVe survey appear to have more perceived prior knowledge
of their seas and wildlife. Variables including tertiary education,
having watched the Blue Planet II deep-sea documentary,
association with a sea related industry, engagement in marine
sports and those who had visited the sea areas were more likely
to have high perceived prior knowledge given the statistical
significance at the 1% level. Moreover, living in the region of
the Highland and Islands (in the case of Scottish respondents)
and being a member of an environmental organization (in the
case of Norwegians) have significant positive effect on perceived
prior knowledge.
In regard to awareness, no significant differences exist for
gender and having a tertiary education in either country.
However, the age cohorts 36–55 and 56 and above were more
likely to be aware of the MRC while age had no significant
effect on the awareness of the Lofoten-Vesterålen cold-water
coral reefs. Having watched Blue Planet II, being associated
with a sea industry or having visited the sea areas previously
all have significantly positive effect on awareness. Marine sport
participation has a significantly positive impact on awareness
of the Lofoten-Vesterålen cold-water coral reef as does being
a member of an environmental organization. No significant
differences existed among those living in the region of the
Highlands and Islands.
Public Perceptions of the Deep-Sea
Condition, Management, and Personal
Effect
Respondents’ rating of the deep-sea condition, management and
whether they perceive changes in the deep-sea to have an effect on
them were assessed with the distribution of responses presented
in Figures 4–6. Perceptions of the deep-sea condition shows a
similar distribution for both Mingulay and LoVe surveys where
most respondents rated it to be “fairly good” with respective
fractions of 46 and 50%. The mean (standard deviation) rating
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TABLE 3 | Influencers of prior knowledge and awareness.
Mingulay LoVe
Prior know (Ologit) Awareness (Logit) Prior know (Ologit) Awareness (Logit)
Variables Coef S. E Coef S. E Coef S. E Coef S. E
Male 0.134 0.122 0.089 0.184 −0.113 0.124 0.224 0.138
Age 36–55 0.066 0.211 0.911** 0.459 0.223 0.180 0.174 0.196
Age 56 and above 0.289 0.216 1.571*** 0.456 0.414** 0.181 0.285 0.200
Tertiary education 0.322*** 0.123 −0.198 0.186 0.575*** 0.179 0.275 0.196
Blue planet II 0.495*** 0.124 0.473** 0.191 0.543*** 0.125 0.870*** 0.141
Highlands and islands 0.677** 0.248 0.349 0.311
Sea industry 1.088*** 0.216 0.902*** 0.276 0.612*** 0.171 0.572*** 0.195
Marine Sport 0.488*** 0.125 0.252 0.186 0.614*** 0.125 0.481*** 0.139
Visit to sea areas 0.874*** 0.137 1.209*** 0.188 0.451*** 0.132 0.547*** 0.144
Member of environmental organization 0.480 0.551*** 0.198 0.624** 0.239
Constant −3.761*** −1.255*** 0.258
Observations 1,025 1,025 1,024 1,024
Wald Chi2 133.71*** 89.14*** 100.59*** 104.84***
Pseudo R2 0.061 0.113 0.049 0.087
Robust standard errors (S.E) reported. ***, **, and * indicate 1, 5, and 10% significance level, respectively.
FIGURE 3 | (A) Prior knowledge of the deep-sea and wildlife information. (B) Awareness of cold-water coral reefs.
for LoVe was 3.5 (0.81) and Mingulay was 3.6 (0.81) which are
relatively similar. A Pearson Chi-square test of independence
rejects the null: x2 (5) = 145 (pvalue = 0.00) and shows that
the odds (odds ratio= 1.3, excluding the “don’t know” group) of
Scottish respondents rating the deep-sea to be in good condition
is higher than for the Norwegian respondents.
With the ordinal nature of the deep-sea condition responses,
an ordinal logistic regression shows that males were more likely
to rate the deep-sea condition higher in the LoVe survey, whereas
no significant differences existed for Mingulay. For both surveys,
the age group >35 years perceived the deep-sea condition to
be good as opposed to the age cohort 18–35 years. However,
slightly higher odds were observed for age 56 and above in
Scotland and age 35–55 in Norway. Moreover, the Blue Planet
II effect was significant and positively impacted the Mingulay
perceived rating of deep-sea condition, though not for LoVe. On
the other hand, association with a sea-industry and visits to the
sea-shore had a significant effect on the LoVe perceived deep-sea
condition rating.
With the perceived rating of deep-sea management outcomes
shown in Figure 5, we observed 34 and 22% of respondents
rating the deep-sea as being well-managed for Mingulay and
LoVe respondents, respectively, while 12 and 76% rated it poorly.
Moreover, Figure 5 shows zero observed frequencies for the
“neither” and “don’t care” responses in the LoVe and Mingulay
surveys, respectively. For ease of comparison, we evaluated the
differences in responses to be binary (1/0) outcomes where 1
indicates “well-managed” and 0 otherwise.
A logistic regression of perceived deep-sea management
(shown in Table 4) indicates significant variations occurred
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FIGURE 4 | Rating of deep-sea environmental condition.
FIGURE 5 | Rating of deep-sea management.
between those who had watched the Blue Planet II documentary
and those who visited the sea-areas in the Mingulay survey.
These relationships were significantly positive. Regarding the
LoVe survey, perceived better management of the deep-sea was
significantly positive at the 1% significance level for males, as
was association with a sea-industry, participation in a marine
sport, a visit to the sea areas and being a member of an
environmental organization.
Regarding respondents’ perception of whether changes in
the deep-sea has “personal effect on them,” Figure 6 shows
that for both Mingulay and LoVe surveys, most respondents
perceive it has “some effect” on them, with shares of 61 and
62%, respectively. A Pearson Chi-square statistic of: x2 (3) =
147 (pvalue = 0.00) reveals that the test of independence is
rejected and an odds ratio of 0.40 for Mingulay shows that
Norwegian respondents perceive changes in the deep-sea to
have a larger effect on them than their Scottish counterparts.
This is reflected in the mean (standard deviation) rating scores
of 1.82 (0.60) for Mingulay and 2.09 (0.59) for LoVe. The
Mingulay regression analysis shows that only those with tertiary
education, an association with a sea-industry or those whom
have visited the sea areas, significantly influence “effect on me”
positively at the 1% significance level. For the LoVe survey,
respondents experiencing personal effects were more likely
to be females, were 36–55 years, watched the Blue-Planet II
documentary, engaged in marine sports and were members of an
environmental organization.
Pro-environmental Concerns Toward the
Marine Environment
The public’s concern in relation to the marine environment
was captured by 11 item indicators and reflect statements
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FIGURE 6 | Perception of deep-sea effect on respondent.
TABLE 4 | Influencers of perceived deep-sea condition, management, and personal effect.
Condition (Ologit) Management (Logit) Effect on me (Ologit)
Mingulay LoVe Mingulay LoVe Mingulay LoVe
Variables Coef S. E. Coef S. E. Coef S. E. Coef S. E. Coef S. E. Coef S. E.
Male 0.029 0.143 0.593*** 0.126 0.042 0.136 0.735*** 0.176 −0.104 0.129 −0.777*** 0.143
Age 36–55 0.463** 0.228 0.440** 0.190 0.230 0.245 0.268 0.253 0.213 0.207 0.400** 0.190
Age 56 and above 0.629*** 0.238 0.385** 0.193 0.300 0.247 0.304 0.253 −0.223 0.212 0.127 0.191
Tertiary education 0.202 0.142 0.122 0.188 −0.156 0.135 −0.338 0.234 0.324** 0.129 0.124 0.213
Blue planet II 0.401*** 0.144 0.009 0.129 0.353** 0.136 0.274* 0.165 0.140 0.127 0.572*** 0.139
Highland and islands 0.309 0.267 −0.302 0.292 0.117 0.262
Sea industry −0.416 0.256 0.50*** 0.186 −0.320 0.250 1.104*** 0.202 0.528** 0.251 0.157 0.188
Marine sport 0.074 0.147 −0.068 0.130 0.106** 0.137 0.795*** 0.168 0.044 0.130 0.768*** 0.142
Visit to sea areas 0.273* 0.164 0.285** 0.137 0.322*** 0.150 0.700*** 0.186 0.610*** 0.147 0.274* 0.141
Member of environmental organization −0.274 0.196 0.671*** 0.244 0.982*** 0.204
Constant −1.149 0.253 −3.006 0.346
Observations 789 965 1,025 1,024 1,025 977
Wald Chi2 31.54*** 47.92*** 17.18** 105.97*** 41.58*** 105.28***
Pseudo R2 0.016 0.023 0.014 0.11 0.03 0.072
Robust standard errors (S. E.) reported. ***, **, and * indicate 1, 5, and 10% significance level, respectively.
toward ecological crisis, pressures on the marine environment,
ecosystem service benefits and the need to protect it through
sustainable management. The concerns were captured on a
5-point Likert scale where higher overall scores designate
ecocentrism and lower scores indicate anthropocentrism. The
distribution of responses is shown in Table 5. The mean itemized
score ranges from 3.59 to 4.62 with an overall mean of 4.17 for the
Mingulay survey. The range for LoVe is 3.23–4.52 with an overall
mean of 4.09. This reflects that on average the public tend to agree
with the statements indicating a direction toward ecocentrism.
For the Mingulay survey, the highest mean score is linked to
agreement with the statement that humans are responsible for
protecting natural resources to benefit future generations. The
highest fraction, 91% either tend to, or strongly, agree with this
statement. The same statement scores highest in the LoVe survey
with 93% agreeing. The statement “marine litter is one of the
key challenges to marine environment and biodiversity” has the
second highest mean score for Mingulay and fourth in the LoVe
survey. For both surveys, the least agreed upon is the statement
that the “key pressures on marine biodiversity are fisheries,” with
the share of respondents agreeing with this statement being less
than half of the sample.
In order to determine the relationships between respondents’
personal characteristics and their pro-environmental concerns
toward the marine environment, we assume that the 11-item
indicators form a unidimensional latent construct underlying
their perceptions. This latent indicator is therefore explained
by the respondents’ characteristics. To validate this assumption,
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TABLE 5 | Distribution of pro-environmental concern INDICATORS.
Mingulay LoVe
Item code Obs. Mean SD AGREE %
(Tend to +
Strongly)
Obs. Mean SD AGREE %
(Tend to +
Strongly)
Delicate marine biodiversity 942 4.31 0.71 80.88 1,024 4.09 0.77 82.52
Human abuse 964 4.31 0.77 81.18 1,024 4.30 0.72 89.26
Fisheries pressure 812 3.59 0.87 44.19 1,024 3.23 0.79 33.1
Sea floor damage 806 3.87 0.82 53.27 1,024 3.49 0.79 49.03
Sustainable exploitation 937 3.97 1.04 67.03 1,024 4.34 0.77 88.87
Marine litter challenge 969 4.47 0.70 86.93 1,024 4.15 0.78 82.52
Central to our well-being 988 4.38 0.74 85.07 1,024 4.52 0.72 92.48
Central to economic security 948 4.14 0.80 75.22 1,024 4.19 0.80 83.01
MPA is important 973 4.36 0.72 83.8 1,024 4.12 0.87 80.47
Economic growth 979 3.86 1.06 65.85 1,024 4.04 0.93 75.49
Environmental citizenship 1,002 4.62 0.62 91.22 1,024 4.54 0.75 92.48
Mean 4.17 0.31 4.09 0.40
Mean of items in Mingulay survey computed without the “don’t know” responses.
we first conduct a single latent exploratory factor analysis to
determine whether the items are sufficiently correlated and
reliable to qualify as a unidimensional latent construct. The
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy of
the correlations resulted in an estimate of 0.903 (item range
of 0.78–0.94) for the Mingulay survey and 0.892 (item range
of 0.86–0.93) for the LoVe survey. These estimates compared
to the Kaiser (1974) thresholds4 show values indicate sufficient
correlation between items. The Cronbach Alpha coefficient for
Mingulay was 0.827 (item range of 0.80–0.84) and LoVe was
0.849 (item range of 0.82–0.86). This coefficient by Cronbach
(1951) is used to determine the internal consistency and acts as a
measure of reliability. A value of 0.6 is considered acceptable and
according to Hair et al. (2011), a value of 0.8 or higher is regarded
as satisfactory.
Given the adequacy and reliability of using the statements
as a unidimensional latent factor, we proceed to estimate the
factor loadings and the latent-covariate relationships in aMIMIC
generalized structural equation model. The results are presented
in Table 6. The measurement model provides the factor loadings
where all items are significantly loaded on to the latent variable
at the 1% significance level. The first item had the factor loading
coefficient constrained to unity.
For both surveys, we observed significant and positive
association between pro-environmental concerns and those
respondents who had watched Blue Planet II, those who believe
that changes in the deep-sea had personal effect on them and
those who at least had some a priori knowledge of their seas
and wildlife surrounding them. Being associated with the sea-
industry however showed a significantly negative effect on pro-
environmental concerns. In the LoVe survey, females were more
likely to be pro-environmental (ecocentric) than males, while no
significant difference was observed in theMingulay survey.While
4Kaiser (1974) threshold values of 0.8–0.89 and >0.90 indicate “meritorious” and
“marvelous” correlations, respectively.
there was no age effect in the LoVe survey, the 56 and above age
group appeared to be more pro-environmental in the Mingulay
survey than the age cohorts below 56 years. Education was only
weakly significant in the LoVe sample (at the 10% significance
level) but had no effect in Mingulay. Also, being a member of
an environmental organization showed a positive and significant
effect on pro-environmental concern in the LoVe sample.
DISCUSSION AND CONCLUSION
The study of public perceptions; including knowledge level,
opinions of how the public feel about the marine environment
and pro-environmental attitudes is a critical socio-economic
assessment tool for the success of any marine management
program (Jefferson et al., 2015; Potts et al., 2016). While public
perception studies toward the marine environment are evolving
and measured in various facets, the public knowledge and
understanding of the deep-sea areas has not featured prominently
in the literature. This study contributes to this gap by assessing
how the Scottish and Norwegian general public perceive the
deep-sea areas and their marine environment. Variations in
perception by the public’s demographic profile and experiences
of the sea are then characterized.
The results suggest that the perceived public knowledge level
of the deep-sea areas and wildlife for the Scottish public can
be classified as low (a rating of 2 on an ascending scale of
1–5) while that of the Norwegian public can be classified as
moderate (a rating of 3). A significant share of Norwegians (59%
of the respondents) were aware of the LoVe deep-sea cold-water
coral reef while comparatively only 16% of Scottish respondents
were aware of the cold-water coral reef complex at Mingulay.
The difference in knowledge level between the two countries
is not surprising because the Røst Reef off the Lofoten Islands
is one of the world’s best known Lophelia reefs. Except for the
awareness of cold-water coral reefs by the Norwegian public,
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TABLE 6 | MIMIC GSEM: Influencers of pro-marine environmental concerns.
LoVe Mingulay
Structural Coeff S. E. Coeff S. E.
Male −0.64*** 0.14 −0.01 0.13
Age 36–55 0.17 0.20 0.28 0.23
Age 56 and above 0.14 0.20 0.54** 0.24
Tertiary education 0.39* 0.22 0.20 0.14
Blue Planet II 0.69*** 0.14 0.73*** 0.14
Member of environmental organization 1.13*** 0.23
Highland and Islands 0.28 0.28
Sea industry −0.82*** 0.19 −0.54** 0.24
Marine sport 0.10 0.14 −0.05 0.14
Visit to sea areas 0.06 0.14 0.30* 0.16
Deep-sea changes effect on me 0.71*** 0.12 1.38*** 0.14
At least some prior knowledge 0.38*** 0.18 0.38** 0.18
Measurement***
Delicate marine biodiversity 1.00 1.00
Human abuse 1.16 0.08 0.87 0.08
Fisheries pressure 0.20 0.04 0.38 0.04
Sea floor damage 0.45 0.05 0.58 0.05
Sustainable exploitation 0.65 0.06 0.78 0.07
Marine litter challenge 1.35 0.15 1.17 0.10
Central to our well-being 0.70 0.07 0.81 0.07
Central to economic security 1.02 0.08 1.40 0.12
MPA is important 0.77 0.08 0.44 0.04
Economic growth 1.48 0.16 1.53 0.15




Robust standard errors (S. E.) reported. ***, **, and * indicate 1, 5, and 10% significance
level, respectively.
it would appear that both the Norwegian and Scottish public
display limited knowledge about the deep-sea. This might be due
to its remoteness, and by it being out of sight and mind. The
low knowledge level confirms Rose et al. (2008), Jefferson et al.
(2014), and Spence et al. (2018) who provide evidence across
various knowledge dimensions toward the marine environment.
It is also evident that direct and indirect exposure to the sea has
the potential to increase marine life knowledge level as identified
by the difference between Scottish and Norwegian public.
Despite the low levels of perceived knowledge and awareness
among the public, the ratings of deep-sea conditions were similar
across countries and rated higher at the “fairly good” level. The
deep-sea condition rating however did not appear to correlate
positively with the perceptions of deep-sea management which
may reflect pessimism with regard to management authorities. In
the case of Norway, this might be due to the contentious ongoing
pressure to open LoVe for petroleum exploration. This finding
may suggest that management authorities need to do a better
job of explaining to the public what they are doing in terms
of protecting the marine environment, and that they are doing
so in a manner that is efficient and competent. If the relevant
management institutions do not exhibit these characteristics or
keep the public informed of their ongoing conservation and
management activities, then even individuals who believe that
marine environmental conservation is an important public goal
may still oppose increasing public spending on additional policy
measures that protect the deep-sea environment.
The results also demonstrate that the public in both countries
perceive that changes in the deep-sea have at least some effect
on them personally. The personal effect due to changes in the
deep-sea contributes to the gap in literature that has been raised
in Jefferson et al. (2015) that, assessing values of “how people
feel about the deep-sea” is essential to contributing to marine
conservation efforts. Though Jefferson et al. (2015) argue about
the emotional connection, the realization of how changes in
the deep-sea affect people personally is the starting point to
connect emotions to a resource that is remote to themajority. The
recognition of deep-sea changes having personal effects appears
to be reflected in the public’s ecocentric attitude toward the
marine environment via recognition of the current ecological
crisis associated with key pressures such as marine litter, and the
need to be “environmental citizens” by supporting the protection
and sustainable management of marine ecosystems.
Furthermore, the public associate with these concepts because
of the recognition of marine ecosystem benefits; i.e., healthy seas
being central to economic security and well-being. The consensus
toward ecological crisis and healthy seas benefits agree with the
literature regarding the marine environment. For instance, Lotze
et al. (2018) provide a baseline comparison where the authors
identify more than 70% of respondents in a 21 cross-country
survey who believed the marine environment is under threat and
had support formarine protected areas in their region. Lotze et al.
(2018) provide support for respondents’ rating of marine litter
where a consensus was reached that pollution from marine litter
was the top threat to the environment. Potts et al. (2016) also
found that ecosystem services are recognized to be important by
the public in terms of economic security and by being central
to our well-being. The ecocentric perceptions showed by the
Norwegian and Scottish public were also present in the Irish
population where Hynes et al. (2014) found that the public have
reasonable knowledge of the main threats facing the marine
environment and the importance of ecosystem services.
Since some of the pro-environmental concern indicators were
derived from the EU Marine Strategy Framework Directive’s
descriptors for GES, the evidence shown in this study suggests
that the Norwegian and Scottish public share similar views and
might support policies that target the achievement of GES of
the European marine environment despite Norwegians (and
soon the British) being outside of the EU. In spite of Brexit,
indications are that the UK will remain committed to the
Marine Habitats Directive. Socio-demographic characteristics
and experience with the sea through different mediums seems
to influence people’s perceptions with some variations across
the two countries. Age, gender, and education have varying
associations with awareness of deep-sea changes on human
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well-being, perceptions of deep-sea condition and management
as well as general pro-environmental attitudes and values. Hence,
formal education can be used as a medium for increasing public
knowledge of the deep-sea and its interaction with humans.
Similarly, direct and indirect sea experiences such as living in the
Highlands and Islands region, association with a sea-industry,
marine sports, visits to sea areas or viewing documentaries
like Blue Planet II influence the public’s perception. Therefore,
policies aimed at exposing the public to the sea, either physically
or virtually could increase awareness and support marine
conservation. Nevertheless, caution should be taken in that the
relationships captured reflect correlations rather than causation.
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